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Diagnosis method for periodic irregularity of track slab on high-speed
railway driven by multi-source dynamic inspection data
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Abstract: To achieve precise identification and scientific evaluation of periodic irregularity of track
slabs on high-speed railway. based on the track geometry and vehicle dynamic response data

collected from high-speed comprehensive inspection trains, a method for synchronous mileage
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treatment and periodic feature extraction from multi-source dynamic inspection data was
proposed, and the time-domain and frequency-domain characteristics of multi-source dynamic
inspection data in the periodic irregularity section of track slab were obtained. A method for
identifying periodic irregularity of track slabs was constructed by integrating synchrosqueezed
wavelet transform and deformation counting method. A comprehensive evaluation method for the
periodic irregularity of track slabs was proposed by combining the vertical acceleration of the
frame. Research results indicate that the proposed identification method can effectively capture
the periodic irregularity of track slabs and evaluate the severity. As the sliding window length is
set to 50 m, the threshold values for periodic irregularity deformation of track slabs are set to
0.8 mm for level | and 1.5 mm for level [[ , with the corresponding proportional parameters
both set to 3/4; a good balance can be achieved between identification accuracy and missed
detection rate, and the identification accuracy can reach 92%. Based on measured data from three
high-speed railway lines with significant periodic irregularity of track slabs, it is concluded that
there is a strong correlation between the vertical acceleration of the frame and periodic irregularity
of track slabs in the 4-7 m wavelength band. The 95% quantile of the vertical acceleration of the

2. The vertical acceleration of

frame in the 4-7 m wavelength band is between 3.9 and 8.5 m * s
the frame in the 4-7 m wavelength band can be evaluated for the impact of periodic irregularity of
track slabs by exceeding the threshold of 5 m * s for 5 consecutive waves. This method provides
guidance for accurately diagnosing the service status of high-speed railway tracks and scientifically
conducting maintenance and repair operations.
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Table 2 Evaluation rule for periodic irregularity of track slab
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Fig. 8 Cumulative distribution of periodic irregularity

deformation of track slab
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Fig. 9 Periodic irregularity deformation of track slab
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Table 5 Statistics of periodic irregularity deformation of track slab

P A /km | P HE/mm | R 7 A /km | P/ mm | R 75 B /km | P HE/mm | R
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8 283.928 1.74 — & 18 283.978 1.63 nE 28 284.029 1.42 — g
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Fig. 10 Identification result of periodic irregularity of track slab
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of 4-7 m wavelength band
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